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TABLE 1. Mouse bioassay dosing, fish muscle tissue | g ccimen | 450 MTE | 45¢ MTE 90¢ MTE | 90¢g MTE
equivalents (MTE) and survival times. * indicates pe ﬁose sug}vival §ose suzi'viva]
dose of 180g MTE administered to mice. (mg/kg) | time (hr) | (mg/kg) | time (hr)

V1-67 51.5 1.51 107.3 0.92
Specimen | 45g MTE | 45g MTE | 90g MTE | 90g MTE 51.8 >48 113.8 0.91
dose survival dose survival Vv1-70 195.3 >48
(mg/kg) | time (hr) | (mg/kg) | time (hr) 210.8 >48
VI-13 46.0 >48 83.9 >48 VI-71 33.3 >48 62.9 2.50
42.6 >48 77.9 >48 34.1 >48 70.2 14.25
VI-17 1018.9 0.20: V172 35.9 >48 62.1 >48
856.9 0.36 31.6 >48 63.7 >48
VI-26 369.0 25.00 VI-73 41.1 >48 73.1 1.10
337.8 >48 40.2 >48 72.1 4.66
V1-27 258.7 3.60 V175 110.6 >48 202.3 >48
236.8 1.80 1203 >48 218.4 >48
VI-32 301.0 >48 V1-76 44.1 >48 81.8 >48
2754 >48 39.7 >48 79.0 1.68
V1-33 183.8 0.33 V1-77 2.7
219.3 0.32 25_4 812§
V1-34 255.4 1.9 Vi- 4.2 2.13
230.6 13.00 7 §3j3 48
VI-35 265.2 1.00 V1-81 69.7 >48 131.9 >48
250.5 1.56 61.4 >48 128.5 >48
VI-37 2957 0.55 VI-85 44.1 2.92 93.8 1.21
365.3 0.63 413 5.50 92.8 1.61
VI-38 122.5 0.33 Vi
1193 0.63 -6 2‘2,;3 25'5000
V1-48 73.3 >48 1213 >48 VI 236.3 48
65.3 >48 130.7 2.21 s 2387 >48
VI-49 80.3 0.15 VI- 44.1 15.50
68.6 0.15 s >48
V1-52 17.4 0.66 344 >1.00 V1-91 67.0 1.53
15.8 0.45 35.6 >1.00 66.7 >48
V1-53 82.1 2.50 V1-92 27.4 >48 50.8 >48
79.8 6.40 26.2 >48 45.5 >48
V1-54 79 >48 152 >48 V193 70.7 >48 1272 >48
8.7 >48 14.9 >48 71.5 >48 127.2 >48
V1-55 135.8 >48 218.0 >48 V197 74.5 ~48 1283 48
1244 >48 229.2 >48 74.1 >48 130.1 >48
V1-57 56.8 0.50 Vv1-98 78.0 >48 123.0 >48
53.0 0.45 71.1 >48 129.1 >48
V1-58 63.4 >48 126.0 0.61 V1-99 61.3 0.86 138.8 0.10
75.3 >48 149.4 0.30 61.3 0.88 123.1 0.23
V1-59 1236 >48 _ 54.1 >48
121.8 >48 Vi 54.4 >48
V1-60 73.2 >48 133.3 >48 V1-102 46.2 >48
73.6 >48 141.8 >48 44.9 >48
V1-61 131.5 3.0 V1-105 288.1 0.13*
133.0 >48 278.6 0.55*
V1-62 74.9 6.10 V1-106 64.0 >48 120.2 0.15
76.1 >48 62.3 >48 124.6 0.15
V1-63 87.4 >48 157.7 >48 V1-107 54.3 >48 90.9 1.10
90.5 >48 154.5 >48 48.7 >48 90.0 0.73
Vi-64 175.6 15.50 V1-108 55.6 >48 146.0 0.83
1704 >48 55.6 >48 153.7 1.83
V1-65 81.7 >48 162.2 16.00 400.0 0.35*
83.4 >48 146.9 >48 412.6 0.22*
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TABLE 4.Predictive indices of Ciguatect™ perfor-
mance, given ciguatoxins contamination rates from 5
to 75%. PF, = false positive; PF. = false negative.

Con- Predictive index

‘2;?;:’ Single exposure | Triple exposure|  REMTM
(%) PF. PF_ PF, PF_ PF. PF.
5 0.9649 | 0.1181 [ 0.9457 | 0.0346 | 0.9486 | 0.0264
15 |0.8913(0.3100|0.8386{0.1074 [ 0.8462 | 0.8333
25 10.812810.4590]0.7333|0.1852]0.7444 | 0.1466
35 ]0.7288|0.5782]0.6300 [ 0.2685(0.6432 [ 0.2172
45 [0.6389(0.6756]0.5284 [ 0.3581 | 0.5426 | 0.2965
55 10.542210.7566|0.4286 | 0.4545|0.4426 | 0.3864
65 |0.4380]0.8254 | 0.3305|0.558710.3432 [ 0.4889
75 10.325410.884210.2340]0.6716 ] 0.2444 [ 0.6071

of test strips included 2/2 positive matches, 1/2
negative matches and 1 false positive (mean of
1.2 on 5-point scale). False negatives were not
observed among the kit control test strips.

The Ciguatect ™ SPIA results obtained by the
manufacturer’s laboratory for the fish test
samples evaluated by FDA GCSL do not cor-
respond to results obtained by GCSL. The
manufacturer laboratory first performed extrac-
tion and partitioning procedures (REM™ :rapid
extraction method) on each test sample. The
SPIA was then performed on the REM™
products (Tables 2, 3). SPIA results obtained by
following the REM ™™ modification of the proce-
dure indicated that 46/50 (92%) of the fish
specimens were ciguatoxic. VI-108 scored posi-
tive (duplicate scores of 5 and 5).

The sensitivity and specificity test performance
rates for each variation of the SPIA procedure
(Table 3) were used to evaluate how the
Ciguatect™ SPIA would be expected to pcrform
when used on fish populations with different
proportions of ciguatoxic specimens. Table 4
presents a summary of the predictive values for
each SPIA method by population ciguatoxicity
rate. Assuming that a true ciguatoxins contamina-
tion rate of 55% is encountered in a hypothctical
lot of tropical fish, the predictive indices gener-
ated from the present study indicate that single-
exposure Ciguatect™ SPIA would produce a
false negative rate of 76% and a false positive rate
of 54%. Triple-exposure Ciguatect™ SPIA
would produce a falsc ncgative rate of 45% and
a false positive rate of 43%, and the REM
Ciguatect™ SPIA would produce a false nega-
tive rate of 39% and a false positive rate of 44%.

The Ciguatect™ SPIA was examined for inter-
ference from potential fish decomposition
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products and for possible non-specific toxicity
unrelated to ciguatera in the mouse bioassay. A
repeat sampling of 13 muscle tissues (25%) from
the original 51 fish provided a cross-section of
tissue that were SPIA positive and negative,
mouse bioassay positive and negative, and SPIA
false positive and false negative. The tissues were
analyzed for putrescine and cadaverine by the
method of Staruszkiewicz & Bond (1981) and for
histamine by the fluorometric method (AOAC,
1990}. Determination of putrescine was not pos-
sible because of matrix interference. Cadaverine
levels were below the lowest calibration standard
of 0.5pg/g in 10 of the 13 tissues. Three of the
tissues contained 3.7, 7.2 and 8.4g/g cadaverine
(Table 5). Cadaverine levels above 6pg/g in
tunafish indicate decomposition. Tolerance
levcls for other species of fish (including those
used in the present study) arc not established.
Histamine levels did not exceed 0.1mg% in 11 of
the 13 tissues, and did not exceed 0.2mg% in the
two remaining tissues. The defect action level for
histamine in the United States is 20mg%, and
50mg% poses a human health hazard. There was
no correlation between cadaverine or histamine
and SPIA or mouse bioassay findings.

Thirteen tissue extract products (corresponding
to the specimens analyzed for decomposition
products) were evaluated for sodium channel ac-
tivity by using a tetrazolium-based neuroblas-
toma cell bioassay for neurotoxins active on
sodium channcls (Manger et al.,1993). Sodium
channel potentiating activity is indicative of the
ciguatoxins. The bioassay indicated that sodium
channel activity was present in all 13 tissue
products and provided a general ranking of
sodium channel activity for those tested (Table
5). The activity ranking correlated well with
mouse bioassay survival times. Specimen extract
products shown to be highly toxic by the mouse
bioassay also produced significant reductions in
cell viability through sodium channel potentiat-
ing cffects. Inhibitory doses which reduced cell
viability by 90% after 22 hr exposure (IDgg)
ranged from 2 to 6mg MTE per 200microliter cell
culture (96pL well format). Specimen extract
products classified non-toxic by the mouse bioas-
say were found to possess sodium channel effects
at IDgo dosing that ranged from 7 to 40mg MTE.
The latter finding, if considered in conjunction
with mouse bioassay results from the ciguatera
case specimen V1-108 (i.e., mouse survival at45g
MTE and expiration at 90g MTE), suggests that
utilization of 90g MTE in the mouse bioassay
may approximate a correlate for human toxicity.
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TABLE 5. Sodium channel activity of specimen solid-phase cxtraction products (IDgg =inhibitory dose which
reduces cell viability by 90% at 22hr exposure). Values expressed in milligram muscle tissue equivalents per

well; mouse bioassay survival times; Ciguatect

SPIA scores and decomposition indicators. * indicates data

provided by Dr D.L. Park, University of Arizona. 1 indicates apparent inconsistency with regard to scoring
scales. # indicates dose of 45g MTE administered to mice.

V1-77 2 0.66 1.7(0.7) 1.2(0.4) 33 <0.5 0.1
0.63
VI-38 2 0.33# 0.5(0.5) 3.7(0.5) 5.5 <0.5 0.1
0.63#
V1-57 2 0.50# 1.0(0.0) 2.7(1.2) 5.5 3.7 0.1
0.45#
CONCLUSION Jester, Ms Della Clausen, Dr Susan McCarthy, Dr

Ciguatect™ SPIA performance with cigua-
toxic Caribbean finfish may be characterized by
low specificity rates and high false positive and
false negative values. Extrapolating these perfor-
mance characteristics to a market situation im-
plies that a proportion of wholesome fish might
falsely be identified as ciguatoxic and an equally
significant proportion of ciguatoxic fish might
reach the marketplace undetected. Conclusions
of the present study cannot be extended to
Ciguatect™ SPIA performance with Pacific
Ocean finfish (where the immunoassay
originated) without separate evaluation of the
method using fish from the Pacific region.
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